Characterization of the TAK1 gene in Apis cerana cerana (AccTAK1) and its involvement in the regulation of tissue-specific development 
INTRODUCTION
Organisms undergo multiple morphological changes, including organ formation, throughout the process of development, and these developmental changes are regulated by changes in gene expression. Extensive studies have elucidated some of the genes, such as those in the mitogen activated protein kinase (MAPK) pathway, that are required for development (1-3). MAPK cascades are composed of three interlinked protein kinases, MAPKKKs, MAPKKs and MAPKs, which play important roles in development and in environmental responses (1). A member of the MAPKKK superfamily, transforming growth factor-β activated kinase-1 (TAK1), was first identified as a signaling molecule in TGF-β and BMP signaling pathways (4). TAK1 belongs to the mixed-lineage kinase (MLK) family that includes ASK1, MLK3 and MUK (5). TAK1 contains a conserved kinase domain at its N-terminus, and its glycine-rich loop (G-x-G-x-x-G) and hinge region (MEYAEGGS) are necessary for gene activation (6).
Recently, it has been demonstrated that TAK1 acts as an essential regulator in cartilage morphogenesis, vascular development, keratinocyte apoptosis and cell shape control during embryonic development (2, 3, 7, 8) . However, these roles of TAK1 in developmental regulation vary from species to species, even among tissues (9). In Xenopus development, overexpression of xTAK1 in early embryos induced ventral mesoderm apoptosis (10). Overexpression of dTAK1 in Drosophila caused strong apoptosis in the visual system, leading to a small eye phenotype (11). Additionally, TAK1 has diverse biological functions in mouse development. Mutation studies in the mouse indicated that TAK1 plays important roles in vascular development and smooth muscle formation (3). TAK1-deficient mice exhibit severe defects in cartilage development, in addition to chondrodysplasia and joint abnormalities (2). The keratinocyte-specific depletion of TAK1 in mice caused skin wrinkling and apoptosis (7). The toxic substance has been became a factor influencing development. It was reported that pesticides remaining in plants could influence the normal development of the digestive system and glands in insects, causing apoptosis during the early development stages (12). The Asian honeybee (Apis cerana cerana) is a eusocial insect and has important roles in the pollination of flowing crops at low temperatures (13). Global warming, excessive pesticide use and competition with western honeybees are causing A. cerana cerana to become an endangered species (14). Thus far, no reports have been published regarding TAK1 in the honeybee. Given that TAK1 plays crucial roles in development, our interest focused on identifying the TAK1 gene whose function correlates with development in A. cerana cerana. In this study, we characterized the TAK1 gene in A. cerana cerana, analyzed mRNA expression after treatment with toxic substances, and assessed protein localization in larvae. http://bmbreports.org Tissue-specific response to salivary gland morphogenesis and regulation of third instar and early prepupal development DNA binding zinc finger domain and participation in regulation of distinct sets of genes during embryo development Cell development and organ formation in embryo development Regulation of gene expression at the level of transcription and tissue development in early stages Table 1 . Putative transcription factors, binding sites, positions, and possible functions of the 5'-flanking region of AccTAK1
RESULTS

Cloning and characterization of the full-length AccTAK1 cDNA
The cDNA sequence of AccTAK1 (GenBank accession no. GU295942) is 1,891 bp in length and contains a 117 bp 5' untranslated region (UTR), a 127 bp 3' UTR and a 1,647 bp open reading frame (ORF) that encodes a peptide of 548 amino acids with a predicted molecular mass of 62.8 kDa and a pI of 6.08. A multiple sequence alignment showed that the AccTAK1 N-terminal region shares high homology with other species and that the AccTAK1 kinase domain is similar to the typical TAK1 kinase domain. The glycine-rich loop, with the sequence G-x-G-x-x-G, and the hinge region, containing the residues MEYAEGGS, were also identified (Fig. 1A) . Furthermore, two regions at the C-terminal tail, in which some short consensus regions were present, were absent in Apis mellifera TAK1 (AmTAK1) compared to AccTAK1.
To investigate the evolutionary relationship of AccTAK1 to other species and MLK family members, a neighbor-joining phylogenetic tree was generated by MEGA 4.1 (Fig. 1B) . The results revealed four groups, and the AccTAK1 protein was categorized into group I, where it clustered with AmTAK1.
Identification of the genomic structure of AccTAK1
The full-length genomic sequence of AccTAK1 (GenBank accession no. GU295943) was 9,511 bp, contained nine exons and was similar to AmTAK1 (Supplement Fig. 1) . Surprisingly, part of the sixth and ninth exons that are present in AccTAK1 are absent in AmTAK1, leading to missing amino acids in AmTAK1, as shown in Fig. 1A .
To study the organization of the regulatory region of AccTAK1, a 1,118 bp fragment (GenBank accession no. GU295943) upstream of the transcription start site was isolated by IPCR. Several putative transcription factor binding sites (TFBS) were identified in the promoter region, including BR-C, which is involved in the tissue-specific regulation of salivary gland development (15), as well as CF2-II, DFD and HB, which are necessary for early development (16) (17) (18) . In addition, the basic TATA-box and CAAT-box were also identified in the promoter region. The positions and functions of putative TFBS are shown in Table 1 . These data imply that the AccTAK1 gene may be involved in the early development of specific tissues.
Expression profiles of AccTAK1 at different development stages and tissues
To identify the expression pattern of AccTAK1 at different de-
